Background: Rural nurses and doctors typically have little opportunity to further their education and training. Studies have shown high participant satisfaction with the use of educational technology, such as videoconferencing, for education. A review of effectiveness of videoconference-based tele-education for medical and nursing education was conducted.
INTRODUCTION
In South Africa, like most middle and lower income countries, health services in rural areas have difficulty recruiting and retaining nursing and medical staff. Rural nurses and doctors have traditionally had little access to continuing education and training as well as the support of mentors or specialists. International and local studies have showed high participant satisfaction with the use of educational technology such as videoconferencing (D'Souza 2000; Hadley & Mars 2008; Chipps 2010) and videoconference-based education has been identified as a strategy to reduce some of the disincentives of rural practice (D'Souza 2000) . The use of videoconferencing for postgraduate continuing medical education in South Africa is not new and has been successfully sustained (Mars 2007a ). However, videoconference-based education for nurses and doctors is not part of routine medical education and the evidence base in education has not yet been well established. Videoconference-based education in rural state hospitals in South Africa is also hindered by low bandwidth and poor access to technology. The aim of this study was to conduct a systematic review of the effectiveness of videoconference-based education to doctors and nurses in rural areas.
BACKGROUND
Videoconference-based education is the use of communication technology, such as phone lines (integrated services digital network [ISDN] ) or the Internet (Internet protocol [IP] ) to provide education from a central site to remote distant sites using live interactive audio-video communication. There are a wide range of video systems in use and they vary in terms of costs and resolution of video images. The videoconferencing systems also range from video cameras at both ends of the communicating sites, personal computers with video monitors and high-speed communication networks, or small video cameras at both sites, which then connect to television receivers (Ball et al. 1996) . For the purpose of this review, live synchronous videoconference-based education is defined as education using videoconference equipment to provide teaching or training to remote participants with live visual and verbal interaction between teachers and participants (Curran 2006).
Examples of educational activities in medical and nursing education using videoconferencing include undergraduate education (Callas et al. 2004 ), resident education (O'Regan et al. 2010) , journal clubs (Ahn et al. 2007 ), ward rounds (Allen et al. , 2007 Cunningham & Van der Merwe 2009; Gray et al. 2009 ), continuing medical education Fitzgerald et al. 2002; Karlinsky et al. 2006) , and clinical supervision (Xavier et al. 2007 ).
The main outcomes reported in these studies include participant satisfaction, the occurrence of technical issues such as poor quality of picture and sound, and the general perceptions and attitudes of participants to videoconference-based education. Overall, participants in these studies reported high levels of satisfaction with the use of videoconferencing, with only a few reports of technical problems that were experienced.
The University of KwaZulu-Natal Medical School in South Africa has conducted videoconference-based education in a number of medical disciplines since 2001 (Mars 2007a) . In 2010, there were 35 postgraduate academic programs being delivered via videoconferencing, broadcasting over 1,430 hours of interactive teaching to up to eight sites simultaneously (Mars 2011 ). An evaluation of the videoconference-based teaching to pediatric surgery residents indicated universal satisfaction with videocon-ference teaching from those teaching and from the participants at the distant sites (Hadley & Mars 2008) . Since 2008, the University of KwaZulu-Natal School of Nursing also commenced outreach education to rural midwives using videoconferencing. These evaluations showed that the course was successfully implemented with potential savings of time and money and high participant satisfaction (Chipps 2010) .
AIMS
The aims of the study were to: (1) systematically review the literature and critique the research methods on studies addressing the review question: "How effective is videoconference-based education for the education of doctors and nurses?" (2) summarize the existing evidence on the effectiveness of videoconference education for medical and nursing staff; and (3) apply the findings to South Africa. In doing so, empirically tested videoconference-based education may be supported for nursing and medical education, specifically for isolated health workers.
METHODOLOGY
https://repository.uwc.ac.za/ A systematic review of the literature was carried out to retrieve international and national studies on the effectiveness of videoconferencing. Effectiveness relates to the outcomes of educational activity (Belfield et al. 2001) and was defined as objective measures demonstrating no difference between videoconference-based and traditional face-to-face education outcomes of knowledge and skills.
Search Criteria
The search strategy was designed to access both published and unpublished materials from the last 10 years. However, because of the paucity of studies measuring effectiveness, the search was increased to 22 years . A limited search of the cumulative index of nursing and allied health literature (CINAHL) and Medline was initially undertaken to identify relevant keywords contained in the title, abstract, and subject descriptors. The reviewers then identified Medical Subject Headings (MESH) terms and the synonyms used by respective databases, which were then used in an extensive search of the literature. The search terms used were: videoconferencing or telecommunications, education or training or undergraduate or postgraduate or in-service or continuing education or "continuing education," medical or nursing evaluation studies or randomized controlled trials or experimental studies or quasi-experimental studies or evaluation studies, and 1990 to present. The following databases were searched using the search terms: CINAHL, Med-line, Pubmed, Psyclnfo, EBSCOhost, SABINET, Cochrane Database of Systematic Reviews, the Cochrane Controlled Trial Registry, Database of Abstracts of Reviews of Effectiveness, unpublished abstracts through NEXUS and Internet search engines (Google/Google scholar). The reference lists of key articles reviewed were searched and appropriate articles identified and accessed. No searching of gray literature such as such as non-commercially published reports, working papers, theses, and conference proceedings, were conducted.
The type of studies considered for inclusion in this review were those in which: (1) the participants were medical or nursing students or qualified doctors or nurses (including multidisciplinary groups which were predominantly doctors and nurses); (2) the intervention described was live synchronous videoconference-based education or training using either ISDN or IP connections; (3) the outcomes focused on effectiveness (equivalence of knowledge and skills transfer between face-to-face and videoconferencing); and (4) studies were high-quality evaluation studies with two group comparisons (including randomized controlled trials, quasi-experimental studies, and two group evaluation studies). Only articles in English and Afrikaans and articles published from 1990 onward were included.
Exclusion criteria were: (1) study participants from fields other than nursing or medicine, such as pharmacy, veterinary science, and health sciences; (2) interventions other than live videoconferencing such as streaming video, web-based online teaching, and asynchronous videocon-ference; and (3) studies with satisfaction as an outcome measure. Even though most studies generally reported that satisfaction was high for videoconference-based education, satisfaction was not included as an outcome measure for this study. There is debate as to how satisfaction is measured and the validity of the concept of satisfaction as a measure of effectiveness. Belfield et al. (2001) stated that satisfaction can at best be a crude proxy for the substantive effects of education (Belfield et al. 2001) .
Review Process and Data Abstraction
The review process was conducted in four stages. First, the titles and abstracts of articles identified were independently screened for relevance by two reviewers. For studies where the title or abstract did not provide sufficient information or the reviewers disagreed, the full article was retrieved for review. Any further disagreements were discussed and referred to the third reviewer. Second, the retrieved articles were reviewed for suitability for inclusion for full article review based on the type of an evaluation design. Eligibility for full article review and assessment of study characteristics were extracted and entered into Excel. A Kappa statistic was calculated to assess the level of agreement for eligibility for inclusion. Third, full article review and extraction was conducted using an electronic review format in Excel based on guidelines for intervention studies to systematically evaluate the methodological rigor of the eligible articles (National Health and Medical Research Council [NHMRC] 1999). For each eligible study, author, journal, publication year, the type of setting (e.g., medical or nursing), the type of profession (e.g., midwives), number of participants (including loss to follow-up), the outcomes, the comparison groups (consistent treatment, standard outcomes, and adequate), and study design (sampling, before and after measurement, appropriate statistics) were extracted.
The quality and methodological rigor of studies were evaluated using the adapted Oxford Evidence Based Levels (Oxford Centre for Evidence-Based Medicine 2001) and classified from I to V (Table 1) . Based on the recommendations of the NHMRC (1999a) that strength of evidence entails aspects of studies other than study design, factors such as bias, statistical significance of results, and relevance of evidence also were taken into consideration (NHMRC 1999). https://repository.uwc.ac.za/ Bandwidth has been found to be a moderator in videoconference-based interventions and evidence grading normally includes classification of bandwidths (Hyler et al. 2005) . In this study, bandwidth is not included as continuing medical education in South Africa has been successfully implemented at the lowest (128 kbps) bandwidth (Mars 2007b; Chipps 2010) .
Finally, all studies included were randomized clinical trials (RCTs), trials, or high-quality experimental studies. The remaining studies were subjected to detailed extraction and classification of quality as high, moderate, or poor. Study quality criteria were: (1) information on the setting; (2) information on the participants; (3) detailed intervention description, including bandwidth of videoconference transmission; (4) randomization to concurrent and control groups; (5) blind allocation of participants and staff; (6) reported inclusions and exclusions; and (7) reported effect size of the intervention.
RESULTS
Three hundred twelve article abstracts were retrieved based on the refined search terms (Figure 1 ). Of these, 238 relevant abstracts on videoconferencing and medical or nursing education were reviewed for suitability based on study design. There was good agreement between reviewers with a Kappa 0.8 (95% CI 0.7-0.9). The reviewers identified 115 evaluation studies suitable for review with the two most common reasons for exclusion being no or poor evaluation methodology, or descriptive case study evaluations. An analysis of the 115 evaluation studies showed that 82% were published after 2000 and 58% were on medical education (Table 2) . In these studies, the educational sessions varied ranging from single training sessions to weekly sessions and the videoconference format was not often reported. When the videoconference format was reported, it was either IP based or using ISDN lines with the lowest bandwidth being ISDN 128 kbps. All of the studies measured different education outcomes using different tools. Twenty-nine studies of level III or above (experimental or quasi-experimental studies) yielded data for videoconference-based education programs for doctors and nurses. Exclusions included level IV and level V studies with either no comparison groups or interventions and outcomes not clearly described. Using Excel to capture and grade the extracted data, 22 of the 29 level III and above studies were excluded because of poor evidence design (nonrandomization and using existing convenient groups), satisfaction as an outcome measure, and methodological rigor. A further two studies of the same groups (Locatis et al. 2010 (Locatis et al. , 2011 were excluded as the main comparison was between colocated and dispersed students all attending videoconferencing. This left five experimental studies of moderate to good methodological quality to be reviewed. The planned meta-analysis of these studies was not performed as it was not possible to quantitatively combine the outcome of the studies.
Studies for Review
There are few quality intervention studies on this topic with only five studies (Table 3) Design. The studies included were three experiments of moderate quality (van Boxell et al. 2003; Seibert et al. 2004b; Bertsch et al. 2007) , one clinical trial of moderate quality (Stain et al. 2005a ) and one RCT of good quality (Weeks & Molsberry 2008) . All of the studies included a control group, but the experimental studies used crossover designs. Only two studies included before and after ratings (van Boxell et al. 2003; Weeks & Molsberry 2008) .
Sample. All of the studies, except Bertsch etal. (2007) , had small samples, with only Weeks & Molsberry (2008) and Bertsch et al. (2007) providing information on sample power and loss to follow-up (Bertsch et al. 2007; Weeks & Molsberry 2008) . Studies did not randomly select participants, although all studies except Bertsch et al. (2007) randomized the participants into intervention and control groups, making randomization the most common method of allocation to groups. No blind allocation was possible as participants were aware of which modality they were using.
Interventions.
The studies included different forms of medical and nursing education provided by both face-to-face and videoconferencing. Connections were via ISDN or IP with bandwidth ranging from 128 to 768 kbps. Content ranged from ongoing in-service sessions, 8-hour retraining sessions to 1-hour lectures. Interventions included undergraduate, postgraduate, and in-service training.
Outcomes. Although the studies reported the use of different instruments and statistical methods, the most commonly reported outcome in all the studies was "knowledge" in terms of tests taken by the participants based on the contents of the course, with one study measuring psy-chomotor skills (Weeks & Molsberry 2008) . Four of the studies cited no inferiority of videoconference-based education to other modes in scoring knowledge and a small study indicated an increase in knowledge (Seibert et al. 2004b ). In the studies, differences between groups were measured using relevant parametric and nonparametric tests and statistical significance testing with p values. A number of issues that may affect outcomes were highlighted in the reviewed studies. These included learners preferring face-to-face teaching in some situations (van Boxell et al. 2003) , at times having practical technical difficulties (van Boxell et al. 2003) , and the importance of interaction during the education sessions (Seibert et al. 2004b) .
DISCUSSION

Threats to the Validity of the Review
Study design. Most of the evidence available was from studies of moderate quality, which could have introduced biases that can lead to over-and underestimates of intervention effectiveness (Cook et al. 1997) . Of the 29 level III and above studies, two studies, on closer examination, did not compare videoconference-based teaching with face-to-face teaching. Twenty-two studies were of poor quality with small samples and either no randomized allocation to intervention and control groups. Control selection in these studies often occurred through convenience sampling of the videoconference and face-to-face sites. This raised the issue of what constitutes a comparison group in evaluation of videoconference-based education and whether describing the evaluation of a "program" that includes two groups (a videoconference and a face-to-face site) qualifies as "two comparison groups." To decrease the threat to validity, These studies were excluded. Only five were experimental studies and they were small in size, had no blind allocation, and provided poor descriptions of videoconference connections or loss to follow-up.
Samples. Samples were small and underpowered. Although no random selection of participants occurred, all of the reviewed studies except one used randomized allocation to intervention and control groups.
Heterogeneity of participants.
The heterogeneity in medical and nursing education participants may compromise the validity of the review. Even though it is recognized that education to pharmacists and dentists are not substantially different from those for nurses and doctors, to prevent further heterogeneity in the participants, studies on videoconference-based education in these groups were excluded.
Heterogeneity of study interventions. The reviewed studies were heterogeneous with different types of educational interventions and connectivity. Although the interventions were focused on increasing knowledge, the interventions were not standardized, nor did not follow any guidelines and they varied substantially. Only one study used a theoretical framework to deliver the intervention and this study showed an increase in knowledge in the intervention group (Seibert et al. 2004a ). In addition, the reviewed studies did not include recommendations by bandwidth level because of the inconsistent reporting of videoconference equipment and bandwidth. https://repository.uwc.ac.za/ Heterogeneity of outcomes. The validity of the review is compromised by the fact that, although all of the studies reported knowledge outcomes, these outcomes were not measured in a standard way. The studies used different assessment tools and tests that were not standardized or consistently converted to effect sizes. The sustainability of the results also was difficult to assess because of the lack of before and after tests and only one study providing data on follow up.
Data analysis. This systematic review was conducted following standard systematic procedures (Cook et al. 1997) , but no statistical synthesis of the quantitative data could be conducted. The data were not extracted and combined because of the heterogeneity of study interventions and outcomes and poor methodological rigor. Finally, the studies reviewed were mostly from the United States, with one from the United Kingdom, and another from Brazil. Therefore, their relevance for the South African context must be carefully considered.
IMPLICATIONS FOR EDUCATION AND RESEARCH
Implications for Education
The review supports the supposition of equivalence of videoconference and face-to-face education with one study reporting an increase in knowledge using videoconferencing and four studies reporting no significant difference in overall knowledge gain scores between the two modalities (level II-IIIb; van Boxell et al. 2003; Seibert et al. 2004b; Stain et al. 2005b; Bertsch et al. 2007; Weeks & Molsberry 2008) . One study assessed psychomotor skills and found no significant differences among delivery methods with this being sustained with both groups showed the same decline in knowledge and skill at 1 year (level II; Weeks & Molsberry 2008) . The studies reviewed highlighted issues that may impact this review's findings, namely the preference for face-to-face teaching and the impact of technical problems and level of interaction on the positive outcome of videoconference-based teaching. Possible reasons for preferring face-to-face teaching may be that the face-to-face facilitator could possibly control the interaction, motivation, attention, and interest among participants better than during videoconferencing. This issue of interaction also is reported in satisfaction studies where distant participants rated their ability to participate in discussions lower than those at the presenting sites (Allen et al. 2007; Chipps 2010 ). In contrast, in studies where interaction was deliberately planned though the use of an engagement model (Seibert et al. 2004b; Stain et al. 2005b) , the innovative use of videoconferencing significantly improved learning outcomes and performance motivation (Seibert et al. 2004b) . Although the studies were limited by their small numbers of students, they demonstrated that engagement should be planned and integrated into videoconference-based teaching. In the trial of colocated and dispersed videoconferencing, Locatis et al. (2011) also showed that, when working collaboratively, synchronous communication at a distance via videoconference gave sufficient sense of presence so that the learning experience may be similar to that in actual classrooms (Locatis et al. 2011) . The effectiveness of videoconference-based teaching in the reviewed studies supports the need for new and innovative educational approaches to teaching with this medium (Kaufman & Brock 1998; Seibert et al. 2004b; Stain et al. 2005b) , adequate organizational time, and careful attention to audiovisual needs (Finley et al. 2001; Chipps 2010) . Finley et al. (2001) further suggests that videoconference guidelines for presenters are needed.
Recommendations
Despite the methodological limitations and heterogeneity of the reviewed studies, there appears to be sufficient evidence for a Grade B recommendation of moderate support that nursing and medical educators should consider videoconference-based teaching as at least as effective as face-to-face to face teaching in terms of knowledge gains. Even though further research is required in the use of videoconferencing for teaching clinical skills and the evidence for positive outcomes at different band-widths, clear guidelines and standard operating procedures will go a long way toward assisting educators in using this technology effectively.
Implications for Future Research
Although internationally there has been extensive descriptive research regarding the use of videoconferencing for education in medical and nursing education, there were few systematic empirical studies that have examined the effectiveness of these interventions.
